To evaluate the significance of P-wave duration and morphology for the development of post-operative atrial fibrillation/flutter, we investigated 189 consecutive patients scheduled for elective coronary artery bypass surgery. The longest pre-operative total P-wave duration was measured from the standard electrocardiogram at a paper speed of 50 mm . s ~ ' (mean of two independent observers). By the signal averaging technique we determined the pre-operative total P-wave duration, and root-mean square voltage of the last 10, 20, and 30 ms of the filtered (40-250 Hz) P-wave from a vector composite of three orthogonal leads at noise level 0-2 uV. Forty-two (22%) of the patients developed atrial fibrillation/flutter. Older age (mean ± SD) 62 ± 8 vs 56 ± 8 years (,P<0000), increasing body weight 83 ±11 vs 79 ± 12 kg (P=0-05), treatment for hypertension 26 vs 13% (/ > =004), and a longer P-wave duration in the standard electrocardiogram 129 ± 12 vs 124 ± 12 ms (/ > =001) were associated with development of atrial fibrillation/flutter documented by a 12-lead electrocardiogram. Logistic regression analysis identified independent predictors, estimated adjusted relative risk (95% confidence interval) of atrial fibrillation/flutter: with age >60 years, the relative risk was 4-46 (205-9-73), and body weight >80kg, the relative risk was 3-81 (1-71-8-46). Thus, P-wave duration and morphology did not provide significant information on the risk of atrial fibrillation/flutter when controlling for the effects of increasing age and body weight.
Introduction
Thirty percent of patients undergoing coronary artery bypass surgery develop atrial fibrillation or flutter in the post-operative hospital period 1 ' 1 . Risk factors for the occurrence of atrial fibrillation after coronary artery bypass surgery are, older age of the patient and withdrawal of beta-blocker treatment 1 . Recently, signal averaging has been applied to study whether P-wave prolongation and/or low amplitude signals in the terminal part of the P-wave and/or high densities of specific frequency components of the P-wave are associated with risk of atrial fibrillation' 2 " 6 ' 12 " 151 . Most of these studies have been conducted in a case-control design comparing patients exhibiting paroxysmal atrial fibrillation with controls without paroxysmal atrial fibrillation' 2 " 6 ' 13 " 15 '. One prospective study has found that the occurrence of atrial fibrillation after open heart surgery could be predicted from the duration of the signal averaged P-wave 1 ' 21 . However, this might not be better than predicting atrial fibrillation from the P-wave duration measured in the standard electrocardiogram' 7 ' 27 ' 281 . The present study was undertaken to evaluate further the possible role of the P-wave in the standard electrocardiogram versus signal averaged P-wave duration and morphology in the prediction of atrial fibrillation and flutter after coronary artery bypass surgery. 
Methods

Patients
Two hundred consecutive patients scheduled for elective coronary artery bypass surgery without concomitant procedures were considered for the study. Exclusion criteria were: pacemaker treatment (n = 3), re-do coronary artery bypass surgery (n = 2), chronic atrial fibrillation (n=l), and an unwilling patient (n=l). Four patients who died during the study period were excluded from analysis. Thus, there were 189 patients remaining for the present study. All patients gave written informed consent. The study was approved by the regional Ethical Committee.
The standard electrocardiogram
Two blinded investigators independently measured the P-waves in simultaneous recordings of electrocardiogram standard leads I, II and III at a paper speed of 50mm.s"'. The total P-wave duration was defined as the time interval between earliest onset of the P-wave in any of the I, II, and III leads and the latest offset in any of the I, II, and III leads'
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. The longest total P-wave duration in three consecutive beats was registered'
. The average value for the two investigators was used. Interobserver coefficient of variation (SD of difference/mean value) for P-wave duration measured on the standard electrocardiogram was 10-4%'
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. Intra-atrial conduction delay was evaluated according to the definitions given by Buxton and Josephson' 71 . We did not find any agreement between investigators with respect to the presence or absence of intra-atrial conduction delay. It was, therefore, decided to exclude this variable from analysis.
Signal averaging technique
Total P-wave duration and root mean square voltage of the terminal 10, 20, and 30 ms were determined by one blinded investigator as described elsewhere 1281 . Figure 1 shows an example of a signal averaged P-wave.
Anaesthesia during the coronary artery bypass surgery
Anaesthesia was induced with fentanyl 0-5-1 0 mg and midazolam 5-10 mg, and if necessary thiopentone 50-100 mg and suxamethonium 100-125 mg, to facilitate tracheal intubation. Anaesthesia was maintained with fentanyl, midazolam and pancuronium, supplemented with halothane 0-3-1% throughout the operation, except during the extracorporeal circulation. The total amount per patient given during anaesthesia of: fentanyl was 25-50 mg . kg" ', midazolam 10-25 mg, and pancuronium 10-20 mg.
Cardiopulmonary bypass
Cardiopulmonary bypass was maintained by a Polystan heart-lung machine and a Rygg-Kyvsgaard bubble or membrane-oxygenator. After cross-clamping the aorta, multidose cold potassium cardioplegia with the St. Thomas' solution was used together with moderate general hypothermia (28-30 °C) in addition to topical cooling. A single two-stage catheter in the right atrium was used.
Surgical technique
The bypass surgery was done by standard techniques.
Internal mammary grafting was performed to the left anterior descending branch when possible (96% of patients who were grafted to the left anterior descending branch had a mammary graft).
Beta-blocker treatment
Patients on pre-operative beta-blocker treatment were kept on post-operative beta-blocker treatment by the use of intravenous metoprolol 1 mg, six to 12 times daily, until they were able to take slow release tablets of 25-100 mg metoprolol once daily.
Monitoring of heart rhythm
According to the present routine in our institution the patients were monitored by telemetry during the first post-operative 16-24 h. Thereafter, patients were taken off telemetry unless they stayed in the intensive care unit due to complications. A 12-lead electrocardiogram was taken daily during the first 3 post-operative days.
The end-point
The end-point for the study was clinically relevant atrial fibrillation/flutter; that is atrial fibrillation or flutter which occurred within 5 days after the coronary artery bypass surgery, was noted in the patients file, and documented by a 12-lead electrocardiogram. The rationale for a combined end-point (atrial fibrillation and flutter) was the great prevalence of alternation between atrial flutter and fibrillation in patients developing these arrhythmias after open heart surgery 1291 . 
Statistical analysis
The study was designed to include at least 180 patients, as we wanted to be able to detect a mean difference in the signal averaged P-wave duration of 5 ms between patients with and without atrial fibrillation/flutter given the standard deviation of the P-wave measurements is 10 ms with a power of 90% at a significance level of 5%. Conventional unpaired parametric and non-parametric statistical analysis was used, when appropriate. In the bivariate analysis a /"-value less than 005 was considered statistically significant. The correlations between age, body weight and standard electrocardiogram P-wave duration were determined by linear regression analysis. The ability of the demographic and electrocardiographic variables to predict atrial fibrillation/flutter was analysed by logistic regression analysis'
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. Age and body weight were dichotomized before logistic regression analysis. The P-values for entry or removal of a variable from the logistic model were 0-1 and 015, respectively. Relative risks for which the 95% confidence interval excluded unity were considered significant in the logistic regression analysis. The software used was the 1993 version of BMDP DYNAMIC.
Results
Demographic and clinical data
Forty-two (22%) of the 189 patients developed atrial fibrillation or flutter. Table 1 shows the demographic, clinical, and intra-operative data in the patients with and without atrial fibrillation and flutter. Older age (12) 14 ( 'Criteria for complete revascularization: bypass was established to all stenoses causing at least a 50% luminal diameter reduction in all coronary artery trunks and branches, except those of trivial, i.e. less than 1 mm in internal diameter size. fCriteria for post-operative myocardial infarction: development of new Q-waves and/or CK-B>40 U . 1"'.
(/><0000), higher body weight (/>=005), and hypertension (/>=0-04) were associated with development of atrial fibrillation/flutter. Figure 2 shows a plot of the patients with respect to age, body weight, and development of atrial fibrillation/flutter. History of previous Eur Heart J, Vol. 17, July 1996 myocardial infarction, left ventricular ejection fraction and end-diastolic pressure, number of diseased vessels, presence of collaterals in coronary angiography, and completeness of revascularization were not associated with development of atrial fibrillation/flutter (Table 1) . No significant effect of beta-blocker treatment was observed (Table 1) . Table 2 shows the data on P-wave duration and morphology. P-wave duration (mean ± SD) in the standard electrocardiogram was significantly longer in patients developing atrial fibrillation/flutter, 129 ±12 vs 124 ± 12 ms (/ > =001). The standard electrocardiogram P-wave duration was positively correlated with age (r=0-207, / J =0004), and body weight (r=0155, />=0033). The duration of the signal averaged P-wave did not differ significantly between patients with and without atrial fibrillation/flutter (P=0l6). Root mean square voltage of the terminal 10, 20 and 30 ms of the P-wave did not differ significantly between patients with or without atrial fibrillation/flutter (P=001, 0-23, and 0-20, respectively). Table 3 shows the results of the logistic regression analysis. The only variables independently associated with development of atrial fibrillation/flutter were age >60 years and body weight >80 kg. Data on hypertension, and P-wave duration and morphology did not contribute significant information on risk of atrial fibrillation/flutter when controlling for the effects of increasing age and body weight. When information on beta-blocker therapy was entered into the logistic regression analysis no significant effects on the estimates of relative risk for age and body weight were seen.
P-wave duration and morphology
Independent predictors of atrial fibrillation and flutter
Discussion
In the present series P-wave duration and morphology did not independently add significant information to the risk of atrial fibrillation/flutter after coronary artery bypass surgery when the age and weight of the patient was known. These findings are in conflict with two previous studies' 7 ' 121 . Buxton and Josephson' 71 reported that patients developing atrial fibrillation after coronary artery bypass surgery had a significantly longer P-wave duration in the standard electrocardiogram. In contrast with other studies 122   -31   " 331 Buxton and Josephson' 71 did not find any significant difference in age between patients with or without atrial fibrillation. In the present series, the finding of older age and a longer P-wave duration in the standard electrocardiogram in patients with atrial fibrillation/flutter made it obvious to search for a correlation between age and P-wave duration. We found such a correlation.
Recently, Steinberg et al. [l2] reported a longer signal averaged P-wave duration in patients developing atrial fibrillation after open heart surgery. Surprisingly, age did not differ significantly between patients with or without atrial fibrillation. This might indicate that the significance of the duration of the P-wave for prediction of atrial fibrillation was overestimated in the Buxton and Josephson [7] and Steinberg series' It may be assumed that by increasing age, the amount of fibrosis increases in the atrium giving rise to intra-atrial conduction defects, which predispose to atrial fibrillation. A prolonged duration of the P-wave measured on the standard electrocardiogram or by signal averaging cannot, without criticism, be converted into a question of whether there is a presence of an intra-atrial conduction defect or not. A local intra-atrial conduction defect can easily be present without prolongation of total P-wave duration. Whether analysis of the frequency content of the signal averaged P-wave can detect an intra-atrial conduction defect is, at present, an open question.
The significance of increasing body weight for development of atrial fibrillation is difficult to interpret. In previous large scale studies, involving from 418 to 5807 patients per study 122 ' 31 " 341 , with the aim of identifying risk factors for atrial fibrillation after coronary artery bypass surgery, the body weight was not recorded. Therefore, it is not known, whether the finding of an increased body weight in the patients with atrial fibrillation/flutter in the present study is due to coincidence or a pathophysiological connection between increasing body weight and risk of atrial fibrillation. It can be speculated that increasing amounts of intrathoracic adipose tissue might influence the intrathoracic pressure which alters the electrophysiological properties of the atrium 1351 . No significant effects of beta-blocker treatment were found. The present study was designed to minimize a possible confounding from beta-blocker therapy. Therefore, beta-blocker therapy was continued in patients being treated with beta-blockers before the coronary artery bypass surgery. It is well documented that withdrawal of beta-blocker treatment before coronary artery bypass surgery increases the risk of postoperative atrial fibrillation' 1 '. This may also explain why results from randomized studies testing the ability of beta-blockers for preventing the occurrence of atrial fibrillation after coronary artery bypass grafting are inconsistent 1 ' 1 , as a large proportion (median 70%, range 47-93%) of the patients randomized to placebo treatment or no treatment were randomized to beta-blocker withdrawal, as they were treated with beta-blockers up to the time of the operation 1 ' 1 .
Limitations
We cannot rule out the possibility that application of other alignment algorithms, other filter settings, or frequency domain analysis might do better than the technology applied in the present study. Finally, the predictive value of the post-operative signal averaged P-wave should be evaluated.
Conclusion
The pre-operative P-wave duration and morphology did not provide significant information on risk of atrial fibrillation/flutter when controlling for the effects of increasing age and body weight.
